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PREFACE 
Parasitic infestation of man and animals is a global phenomenon 
and annual economic losses encountered due to parasit ic infections are 
extremely high. A recent estimate indicates that nearly three billion 
people are affected by different paras i tes , hookworms, accounting for 
800 million cases annually. Heavy burdens of hookworm parasites cause 
severe anaemia which may sometime prove fatal. Mild iron-deficiency 
anaemia observed during hookworm infestation can lead to intellectual 
and growth retardation. Recently, chemotherapy targeted to heavily 
infected individuals has emerged as a real ist ic approach, however, the 
permanent control measures of the disease are s t i l l lacking. Hence, there 
is urgent need for developing alternative measures for controlling hook-
worm disease. A crit ical survey of available l i terature indicate that 
the knowledge about the molecular immunology of hookworm infections 
is very poor. Characterisation of hookworm antigens, if attempted, may 
provide valuable leads about the antigenic molecules of possible immuno-
prophylactic and immunodiagnostic significance. 
The studies reported in the present dissertation are directed 
towards the characterisation of somatic antigens of Ancylostoma ceylanicum 
(a human hookworm) and Nipp>o strongy lu s brasiliensis (rat hookworm) 
which have earl ier been used in this Institute for chemotherapeutic screen-
ing of potential anthelmintic compounds. Studies on antigenic character i -
sation will provide useful information about the antigenic make-up of 
adult and larval stages of the two hookworm paras i tes . These studies 
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also reveal less complex nature of larvae as compared to adults as well 
as certain cross reactive and stage/parasite specific antigens of A.ceylanicum. 
The information obtained from these results may be of great importance 
for the identification of antigens having protective as well as diagnostic 
potential. 
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CHAPTER - I 
INTRODUCTION AND REVIEW OF LITERATURE 
Intestinal helminthiasis, a major health hazard and a plague 
of man and animals is alarmingly high in tropical and subtropical coun-
tr ies (Chowdhury, 1975a,b; Hruzik et_ al^., 1977). Nematode parasi tes 
can cause pathology or a reduction in biological efficacy of an infected 
individual compared to non-infected individual. The hookworm parasites 
are among the important intestinal nematodes whose prevalence and con-
comitant detrimental effects on the body functions have made them to 
be ranked as an important helminthic disease problem of man. The world 
prevalence of hookworm infection in man exceeds the prevalence of almost 
all the other helminthic infections. Hookworm parasites sap the vi tal i ty 
of the host long before the symptoms appear and the disease is diagnosed. 
The only reservoir of infection is man and propagation of the infection 
depends upon an adequate source of infection and disposition of eggs 
in a favourable environment for extrinsic development of paras i tes . Suit-
able climatic conditions for larval development and appropriate condi-
tions for infective larvae to penetrate the skin are other pre- requis i tes . 
Hookworm disease or ancylostomiasis leads to anaemia due to blood loss 
from the intestine caused by the parasi te , which inhabits the small 
intestine, particularly the jejunum and may be present in enormous numbers, 
The important species pathogenic to man are Necator americanus 
(American hookworm), Ancylostoma duodenale (old world 's hookworm) 
and A.ceylanicum (also infects cats and dogs). The other parasites 
pathogenic to livestocks are A.caninum (dog), A.tubaeforme (ca ts) , 
Nippostrongylus brasiliensis( rats) , Nematospiroides dubius (mouse), 
Bunostomum trigonocephelum (sheep and goat), B.phlebotomum (cow) and 
Gaigeria pachyscelis (Sheep). 
The hookworm disease is among the major health problems in 
India, affecting more than 2 billion people and causing profound morbidity 
and mortality. Nearly 90% of the population in moist climatic condition 
of Assam harbour hookworm infection (Arora et_ al_. , 1976; Gaitonde and 
Renanpurka, 1979). Besides, heavy infections are encountered in Andhra 
Pradesh, Bihar, Karnataka, Tamil Nadu, Maharashtra and West Bengal. 
Scofield (1985) has documented the morbidity and mortality rates of 
the "Top ten" parasit ic diseases affecting humans and the figures for 
hookworm infection are about 800 million and 55 thousand per year r e s -
pectively , 
The life cycle of all the hookworm species is identical, the 
ovum undergoes four moults and after the second moult produces an in-
fective stage (L - ) . This stage after penetrating the skin moves towards 
lungs and the th i rd moult takes place. L. larvae with a provisional 
buccal capsule, enters the larynx, then moves to pharynx, oesophagus 
and finally settles down in the small intestine. The migratory phase 
occupies about 7-15% of the prepatent period. The last moulting occurs 
in the intestine, the adults mature, mate and reproduce and thus the 
cycle continues. N.brasiliensis has the shortest prepatent period of 
6 days while N.americanus has the longest (8-10 weeks). 
There are no specific signs and symptoms in the vast majority 
of cases of hookworm infection, however, a primary heavy infection will 
induce ground itch followed by fever, asthmatic wheezing and a high 
degree eosinophilia which will be self limiting. In later stages, the 
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ancylostomiasis is connected with iron deficiency anaemia associated with 
epigastric pain or discomfort which may be relieved by food and mistaken 
for duodenal ulcer. Hookworm anaemia is also a common cause of heart 
failure in tropical countries and may easily be confused with rheumatoid 
card i t i s . 
The treatment of ancylostomiasis can be done both by elimination 
of the parasite or curing the anaemia but the preventive measures of 
the disease are s t i l l lacking. It is easy to treat a patient with 
A.ceylanicum and A.duodenale but not with N.americanus infections using 
the available drugs. Moreover, the common anthelmintics like Mebendazole^ 
Thiabendazole, Bephinium (Alcopar), Levamisole and Tetrachloroethylene 
e tc . are adulticidal ( i . e . ineffective against infective larvae) and repeated 
doses of these drugs cause various types of side effects. Hence, there 
is an urgent need to evolve an alternate strategy which should be effect-
ive against the infective larval stage and can check the infection as 
soon as it occurs. A realist ic approach would be to diagnose the disease 
at an early stage as well as to develop immunoprophylactic measures, 
which require a good understanding about the molecular immunology of 
hookworm infections. Accordingly, a survey of l i terature was made along 
these l ines. 
REVIEW OF LITERATURE 
Studies on immunology of hookworm parasites have mainly been 
directed towards the two major aspects - one is the immunodiagnosis 
dealing mainly with the serological or host tissue reactions and the other 
aspect is the functional protective immunity. The development of immuno-
diagnostic methods for hookworm infection has received l i t t le attention 
in view of the relat ive ease of diagnosis by faecal examination. Although 
there is substantial evidence for the presence of functional protective 
immunity during hookworm infection but the molecular basis of the protect-
ive immune responses has not been well defined. 
The efforts to understand the molecular and immunological processes 
underlying hookworm infection have been greatly limited due to the lack 
of suitable animal models. With the exception of primates, all _in_ vivo 
studies for examining the complete life cycle of Ancylostoma hookworms 
require the use of dogs or cats . Most of the studies have been done 
using these animal models but the expense and the time required to main-
tain the parasites in these laboratory hosts has hampered the studies 
on hookworm paras i tes . The maintenance of A.ceylanicum in golden ham-
sters (Carroll and Grove, 1984) and recently of N.americanus in neonatal 
hamsters (Behnke et_ al^., 1986) has opened up new vistas for laboratory 
investigations. 
Hookworm parasites have been shown to mediate a wide variety 
of serological reactions _in_ vitro detected by complement fixation (Magaudda 
Borzi and Pennisi, 1958), gel diffusion (Singh, 1965) latex flocculation 
(Rombert e^ a]_., 1967), haemagglutination (Desowitz, 1967; Jayawardene 
and Vijayaratanam, , 1968; Ball and Bartlett , 1969), immuno-precipitation 
(Yamanaka, 1960; Ball and Bartlett , 1969; Ogilvie, 1978), and immuno-
fluorescence (deAzevedo e^ a l . , 1971; Lewis et a l . , 1978). Ball and 
Bartlett (1969) described a longitudinal study of immunological reactions 
during experimental infection of N.americanus. Poulain et_ al_. (1976) 
studied the systemic local responses in rats infected with N.brasiliensis 
using passive haemagglutination t i te rs of both sera and intestinal mucosa 
and found that a considerable portion of activity was associated with 
IgA fraction. Specific IgA and other isotypes of antibody to N.brasiliensis 
antigens have also been detected in both sera and intestinal secretions 
by several other investigators (See See et_ a l . , 1976; Sinski and Holmes, 
1977; Brown et_ a l . , 1981a,b). Employing certain immunological techniques 
like radioimmunoassay and enzyme linked immunosorbent assay, quantitative 
aspects of IgA and IgG immune responses has been studied in N.brasiliensis 
(Sinski and Holmes, 1978; Ogilvie et_ a l . , 1978). Later, Wedrychowicz 
et a l . (1983) investigated the local antibody responses in rats infected 
with N.brasiliensis by measuring the coproantibodies. 
The hookworm infections have been shown to evoke immediate 
type hypersensit ivity reactions as demonstrated by intradermal test con-
ducted with antigenic preparations from various hookworm paras i tes . 
The sensitivity of skin reaction was found to be 80% or even more and 
some results indicated that the intensity of skin reaction may be related 
to the intensity of hookworm infection. deHurtado and Layrisse (1968) 
and Lobel et_ al_. (1968) showed positive relationship between the skin 
reaction (diameter of wheel formed) and the level of infection (faecal 
egg count). A significant correlation between the wheel size, eosinophilia 
and presence of signs and symptoms of hookworm infection has also been 
shown by Ishizaki et_ al_. (1961). Antigens used for the skin test include 
protein (Sawada et_ a]^., 1954) or polysaccharide fractions (Noda, 1953; 
Sawada et al_., 1954) prepared respectively by t rypt ic digestions of larvae 
or adult hoolcworms (Wei and Kuo, 1958; Shih Huei et_ al_., 1959; Prasad 
and Mathur, 1962) or by aqueous extraction (Yamanaka, 1960; Ishizaki 
et_ al_., 1961; deHurtado and Lariysse, 1968; Lobel e^ a]_., 1968). No 
species specificity could be observed among hookworm antigens as positive 
skin reaction in man were obtained with antigens prepared from the canine 
hookworm A.caninum (Sawada et_ a]^., 1954, 1961; Yamanaka, 1960). These 
results suggest the cross reactive nature of antigens involved in intra-
dermal t e s t s . 
The evidence for the presence of functional protective immunity 
against hookworm infections in man is very l i t t l e . The strongest evidence 
for the acquired immune responses to hookworm parasites comes from 
an early demonstration that the infective larvae of A.caninum elicit immu-
nity in the dog (Herrick, 1928; McCoy, 1931; Foster, 1935). The protect-
ive immunity to animal hookworm parasites have been investigated in 
detail (Miller, 1967, 1971; Carroll and Grove, 1984) and have been shown 
to be associated with both serological (Ball and Bartlett , 1969; Ogilvie 
et a l . , 1978) and cellular responses (Ogilvie and Jones, 1973; Taylor 
and Turton, 1976). The most striking immunological property of helminth 
infections is a capacity to provoke high levels of IgE and reagin ant i-
bodies in their host . Studies concerning the function of IgE in parasit ic 
infections began on a firm basis with the work on intestinal anaphylaxis 
in N.brasiliensis infected rats (Urquhart et_ al^. , 1965). Elevated levels 
of serum immunoglobulins were observed during N.brasiliensis infection 
in r a t s , IgE in particular showed the maximal increase (Jarret t and Bazin, 
1977). Both parasite specific and non-specifically potentiated hetero-
logous IgE responses have been observed in N.brasiliensis (Ogilvie, 
1967; Orr and Blair, 1969; Bout et_ a]_. , 1977). However, subsequent 
studies established that parasite induced non-specific IgE does not p ro-
tect against allergic reactions as the passive transfer of immunity could 
be achieved using antisera devoid of anaphylactic activity (Jones et_ 
al_., 1970; Leid and Williams, 1974; Jarret t and Mackenzie, 1980). 
Hookworm parasites have also been shown to evoke cell mediated 
immune responses (Ali et_ a l . , 1986). Infection with A .duodenale is asso-
ciated with marked cell mediated immunity as manifested by increased 
T-cell counts, increased inhibition of leukocyte migration and increased 
lymphoblast transformation. An inverse relationship was proven between 
the degree of cell mediated immune responses and the parasite load. 
The immune responses of rats to the gastrointestinal nematode N.brasiliensis 
result in the expulsion of the adult worm population (Ogilvie, 1965; 
Earth et_ al^. , 1966; Luffau, 1969). This self cure phenomenon seems 
to be achieved by a combination of antibodies, cell mediated immunity 
and local inflammatory responses (Jarret t and Urquhart, 1971; Ogilvie 
and Jones, 1973; Love et_ al_. , 1974). It is also very interesting to note 
that worms previously damaged by the host immune responses are more 
susceptibile to expulsion mechanisms as compared to the undamaged worms 
(Ogilvie and Love, 1974) but in some other cases, worms taken from 
hosts shortly before expulsion and transplanted to other hosts were no 
more susceptible to expulsion (Hopkins et_ al_., 1972; Hopkins and Zajac, 
1976; Wakelin and Wilson, 1979). It is said that free radicals are in-
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volved in the expulsion of N.brasiliensis adult worms (Smith and Bryant, 
1986). 
The evidence for the presence of complete immunity to hookworm 
infections in man is very l i t t l e . The most efficient form of protective 
immunity would be the one directed against the infective or early develop-
ing larval stages of the paras i tes . Double dose of L. larvae of A.caninum 
peviously attenuated by X-irradiation gave 90% protection to subsequent 
challenge (Miller, 1965, 1971). Recently a vaccination t r ia l conducted 
by Menon and Bhopale (1985), in golden hamsters with irradiated larvae 
of A.ceylanciutn induced the development of resistance and 95% reduction 
in worm bruden. However, such vaccines prepared from the radiation 
attenuated larvae cannot be employed in human beings because of some 
ethical reasons, such as the danger of vaccinated subject becoming infected. 
The route of administration of larvae is also an important factor. Accord-
ing to some workers intraperitoneal or subcutaneous route was less immuno-
genic as compared to oral administration (Gupta and Katiyar, 1985). 
Though the parenteral routes of immunisation of A.ceylanicum conferred 
no immunity in hamster, the greater number of larvae given subcutaneously 
generated a high level of protection. 100% reduction in worm burden 
was observed by administering orally the infective stage to the naive 
hamsters. Similar dose by intraperitoneal route was found to be less 
immunogenic. 
A successful induction of protective immunity with soluble extracts 
from adult A.caninum and A.ceylanicum has been proven by the reduction 
in worm burden by 59% and 74% respectively (Thorson, 1956; Carroll 
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and Grove, 1984, 1985, 1986). Dogs immunised with soluble antigen ext -
racted from adult worms have been found to be part ial ly resistant to 
challenge infection with L_ of A.ceylanicum. The reduction in the excret-
ion of faecal eggs and worm burden indicates that this resistance is 
probably due to reduction in worm burden, rather than by inhibition 
of fecundity of adult female worms (Carroll and Grove, 1985). 
Conflicting reports are available about the abil i ty of metabolic 
antigens of hookworm parasites for inducing protection to reinfection. 
It has been demonstrated that excretory-secretory (ES) products from 
larval and adult nematodes are capable of inducing various degree of 
protection (Katiyar et_ a]_. , 1972; Govila et_ al_. , 1973; Murray et_ a l . , 
1979). Coproantibodies specific to excretion and secretions of adult 
worms attained maximal level on 10-12 day post infection which is the 
time for worm expulsion (Wedrychowicz et a l . , 1983), thereby, emphasising 
the possible importance of E-S products in stimulating protective responses 
in parasitised hosts . Clegg and Smith (1978) have also shown that E-S 
products and the products released during the moulting of parasite are 
most effective in inducing protective immunity. Earl ier , Otto and Kerr 
(1939) observed that antigen-antibody precipitates were formed around 
the orifices of L_ when they were incubated in serum obtained from 
an immunised dog and concluded that E-S antigens may elicit immunity. 
The heterogeneity of released antigens, their biochemical compositions 
and relationship of antigenic structure to the wide spread cross-reactivity 
among nematode parasites have been studied by Ogilvie and deSavigny 
(1982). Metabolic products obtained from the developing stage of cyste-
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cerci have been used to vaccinate the sheep against the parasite (Rickard 
et^al_., 1976; Rickard and Adolph, 1976). 
These observations provide ample evidence that with proper 
selection of protective antigens, vaccines conferring significant resistance 
to reinfection may be developed. Although many efforts have been 
made for inducing functional protective immunity in animal models, the 
information regarding the molecules which evoke these responses is very 
l i t t l e . Hence there is an urgent need for identification and characterisa-
tion of antigens. 
Attempts to characterise the somatic extracts from adult and 
larval stages of A .caninum and their cross-reactivi ty with the sera obt-
ained from N.americanus infected patients were made by Williams (1970) 
using Immunoelectrophoresis ( lEP). The studies were undertaken to deter-
mine the relationship between the antigens from adult and infective larval 
stages. The antigens from larvae of A.caninum separated into 18 prec i -
pitin bands whereas those from adult yielded only 13 bands with homo-
logous immune rabbit sera, showing less complex nature of adult worms. 
Using patient sera only one cross reactive antigen was observed between 
A .caninum and N.americanus, whereas the extracts from N.americanus 
adult worms showed the presence of four precipitin l ines. In contrast 
to these findings Desowitz (1962) employing Ouchterlony gel diffusion 
test has shown more relationship between the same stage of different 
species than between different stages of the same species. A comparative 
analysis of A.ceylanicum and A.brasiliensis was made by Yoshida et_ 
a l . (1977) employing disc gel electrophoresis and the results have shown 
11 
an overall similarity between the protein patterns of two parasi tes , though 
certain specific protein bands were also observed. Bohn and Konig (1985) 
have used the fragments, homogenate and secretions from N .brasiliensis 
in enzyme linked immunosorbent assay and have indicated cross-reactivity 
between different stages of the paras i te . Recently, Cavalan et_ al_. (1985) 
identified 26 antigens in adult somatic extracts from N. brasiliensis as 
analysed by crossed Immunoelectrophoresis (CIE). Carr and Pri tchard 
(1987) studied the antigenic pattern of different developmental stages 
of N.americanus using immune sera from human (natural host) and hamsters. 
Although sera from hamsters could recognise many antigens which co-
migrate with those identified by patient sera, certain specific antigens 
of the three developmental stages (L_,L. and adults) were also recognised. 
Some individual human sera recognized only L- antigens (including p r e -
dominant 46 and 69 kD antigens) while others recognized epitopes present 
on the adult stage (Carr and Pri tchard, 1987). 
Surface antigens have also been shown to have a key role in 
induction and expression of host immune responses (Ogilvie et_ al_., 1980; 
Maizels et_ al_. , 1982, 1983). Earl ier , it was demonstrated that the cuti-
cular surface of both Trichinella spiral is and N. brasiliensis bear stage 
specific antigens which can be identified by cell adherence and cyto-
toxicity (Kazura and Grove, 1978; Mackenzie et_ a]_. , 1978). The stage 
specific surface antigens have been investigated in N. brasiliensis using 
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surface labelling with I, solubilisation with detergent followed by 
immunoprecipitation and SDS-PAGE analysis (Maizels and Ogilvie, 1980; 
Ogilvie and Phi l l ip , 1980). Cross reactions between surface proteins 
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of various nematodes, which differ completely in molecular weight charac-
ter is t ics have also been documented by several investigators. Maizels 
et a l . (1982) suggested that carbohydrate side chains could be responsi-
ble for the cross-react ivi ty . Recently, the surface antigens of adult 
and L. of N.americanus has been recognised using immunoprecipitation 
and analysed by SDS-PAGE{Pritchard et_ al_., 1986). Such approaches 
may prove to be valuable in the identification of both parasite and stage 
specific antigens having possible significance for immunodiagnosis and 
vaccine development. 
Several parasite enzymes known to be antigenic in nature, may 
be having some role in protection (Edwards et a l . , 1971). Crossed immuno-
electrophoretic analysis of N .brasiliensis worm homogenates followed 
by specific enzyme staining revealed the antigenic nature of certain enzymes 
(Cavalan et_ al^., 1985). The relationship between acetylcholinesterase 
(AChE) and the host immune responses has been studied most extensively 
using nematode N. brasiliensis in r a t s . The levels of AChE have been 
shown to increase markedly 7-14 days post infections (Sandersen and 
Ogilvie, 1971; Burt and Ogilvie, 1975; Areekul e^ al_., 1984). Three 
isoenzymes of AChE were identified in the parasite (Edwards et_ a l . , 
1971). Evidence suggesting that the host antibodies (IgG) modulated 
enzyme production was provided by Jones and Ogilvie (1972). AChE 
has been postulated to act as biochemical hold fast for adult worms 
in the intestine by inhibiting local neuromuscular activity and the host 
antibody response to the enzymes was an important component for p ro-
tective immunity (Lee, 1970; Ogilvie and Jones, 1973). It has also been 
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established that protective immunity could be induced using antigen fract-
ion with AChE activity (Rothwell and Meritt, 1975). 
Hotez and Cerami (1983) have shown the presence of a proteolytic 
enzyme in A.caninum, E-S products. Ancylostoma secretes a 36-37 kD 
protease which both interferes with fibrin clot formation and also promotes 
fibrin clot dissolution. The enzyme could be crit ical for continuous 
exsanguination from villous capillaries and hence represents a potential 
target for immunological intervention. A.duodenale extracts also contained 
major proteases in molecular weight range of 30-40 kD range but these 
were antigenically different from the A.caninum enzyme. The purified 
protease was characterised as a metalloenzyme having unique N-terminal 
amino acid sequence (Hotez et_ a l . , 1985). Antiserum raised to the pro-
tease in rabb i t s , cross-reacted with extracts from L_ of A.caninum suggest-
ing that the production of enzyme begins in the earl ier developmental 
stage in the life cycle of paras i te . Since 37 kD protease shows promise-
as a candidate immunogen, a cDNA library to A.caninum RNA was cons-
tructed in bacteriophage /^gtll and is now being screened with appropriate 
antibodies and oligonucleotides (Hotez et_ al_. , 1986). In addition to the 
protease, a 55 kD antigen of unknown function was recently identified 
in extracts of A.caninum and A.duodenales but not in N.americanus, using 
serum from an infected dog. Its apparent genus specificity may prove 
valuable in immunodiagnosis. 
A review of l i terature concerning the immunology of hookworm 
parasites indicate that although a lot of work has been done in studying 
immune responses, information regarding the antigenic make up of the 
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parasites is very scanty. Hence an endeavour has been made to identify 
and characterise the antigens of two hookworm parasites (A. cey lanicum 
and N.brasiliensis) which may provide important leads for developing 
control measures against hookworm infections. 
SCOPE AND PLAN OF WORK 
Hookworm disease is a major public health problem affecting 
millions of peoples and causing profound morbidity and mortality. Although 
i ts prevalence exceeds almost all other helminthic infections yet nothing 
concrete has been achieved in controlling this parasit ic scourge. This 
is possibly due to the unawareness about the biochemical basis of sur-
vival for the paras i te . Recently, chemotherapy targeted only to heavily 
infected individuals has emerged as the main procedure for temporary 
cure of the disease. However, knowledge of the molecular immunology 
of hookworm infection is of urgent need as it may provide basis for 
the rational development of vaccines. 
A survey of l i terature presented above shows that several hook-
worm species infect man and his domestic animals. A.duodenale and 
N.americanus are the two major human hookworms, but are less amenable 
for experimental studies because of their strong host specificity 
A.ceylanicum, a human hookworm parasite which also infects dogs and 
cats, can successfully be maintained in the laboratory in certain rodent 
hosts like Mesocricetus auratus (golden hamsters) . The other hookworm 
parasite N.brasiliensis is maintained in albino rats and is easily available 
for conducting detailed studies. 
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Several reports are available showing the protective potential 
of live parasit ic stages as well as soluble extracts from adult worms 
of A.ceylanicum, however, nothing is known about the antigens involved 
in inducing the immune responses. Identification and characterisation 
of the antigenic components of both adult and infective larval stages 
would be of great importance for understanding the host parasite relation-
ship and also to identify the immunologically important components of 
these paras i tes . In the present study an endeavour has been made 
to identify and characterise the antigens of the adults and infective 
larvae of A.ceylanicum and N.brasiliensis employing certain biochemical 
and immunological techniques, with the hope that the results obtained 
may provide certain leads for future work on the development of immuno-
prophylactic and immunodiagnostic measures against hookworm infections. 
The present dissertation deals with the following aspects: 
1 . Characterisation of somatic extracts from adult and larvae of 
A.ceylanicum 
a) Protein composition of adult and larvae was studied by SDS-
PAGE. 
b) Antigenic analysis of adult and larval stages by immunoelectro-
phoretic techniques. 
2. Characterisation of somatic extracts from adult and larvae of 
N.brasiliensis 
a) Protein composition of adult and larvae was studied by SDS-
PAGE. 
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b) Antigenic composition of adult and larval stages by immuno-
electrophoretic techniques. 
3 . Cross-reactive and stage/parasite specific antigens of A .ceylanicum 
a) Cross reactive as well as stage specific antigens of adult 
and larvae of A.ceylanicum. 
b) Cross-reactive as well as parasite specific antigens of 
A. ceylanicum. 
CHAPTER - II 
MATERIALS AND METHODS 
17 
PARASITES 
Ancylostoma ceylanicum 
Ancylostoma ceylanicum was o r ig ina l ly procured from Sarabha i 
Research Cent re , Baroda , Ind ia . The infection was maintained in golden 
hamste r s (Mesocricetus auratus) weighing 60-80 g, by giving an inoculum 
of 60-65 infect ive l a rvae (L_) . Infected hams te r s were k i l l e d 21 days 
post infection and t h e adult worms were col lected from the mucous l a y e r 
of small i n t e s t i ne , p a r t i c u l a r l y the jejunal port ion by cutting i t longi -
tud ina l ly throughout i t s l eng th . The worms were then washed thoroughly 
with isotonic sal ine containing an t ib io t i c mixture (penic i l l in lOOU/ml + 
s t reptomycin 80 Aig/ml) to remove the adher ing in tes t ina l d e b r i s and b a c t -
e r i a l contamination. The clean worms were used immediately for a n t i -
genic p repa ra t ion or kep t frozen at -20 C unti l u sed . 
Infective l a r v a e of A. ceylanicum were col lec ted from the cop ro -
cul tures of infected h a m s t e r s , 20-30 days post infect ion, according to 
the method of Ray e^ aJ^ .C 1972). The faecal p e l l e t s were emulsified with 
d i s t i l l e d water to a t h i c k pas te which was then sp read over the centre 
of a moist Whatman No. 1 f i l t e r paper kept in p e t r i d i s h e s and incubated 
in a humid chamber at 26 ± 1 C for about 5-6 d a y s . The l a rvae thus 
col lected were suspended in d i s t i l l e d water containing an t ib io t i c s and 
washed thoroughly to remove extraneous mater ia l and the impur i t i e s of 
faecal ma t t e r . The clean l a rvae were then subjected to mi l l ipore f i l t ra t ion 
(5 /uM) in o r d e r to remove the b a c t e r i a l contamination. The bac te r i a 
free l a r v a e were recovered by low speed centrifugation and k e p t frozen 
at -20 C unti l used . 
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Nippostrongylus brasiliensis 
Nippostrongylus brasiliensis adul ts , obtained from Wellcome Labo-
ratories of Tropical Medicine, London, were maintained in albino rats 
(UF strain, 25-35 g) at the Parasitology Division of this Institute. Rats, 
infected with an inoculum of 2000 L, of N.brasiliensis, were killed,7-10 
days post infection. The intestines were cut longitudinally throughout 
the whole length and the clean adult worms, sticking to the mucosal 
layer of jejunum, were obtained by Baermannisation of the suspension 
through muslin cloth. The adults thus obtained were washed with lukewarm 
isotonic saline containing antibiotic mixture and stored frozen at -20 C 
until used. 
Infectiv£ larvae of N.brasiliensis were collected essentially accord-
ing to the method of Keeling (1960). Coprocultures were made from rats 
infected with N. brasiliensis, 10-15 days post infection. The paste of 
faecal pel le ts , made with isotonic saline, was mixed with granular charcoal 
in the proportion of 1:3. The paste was then spread over the centre 
of a moist filter papers kept in petr idishes which were incubated at 
2 6 ± 1 C in a humid chamber. The larvae developed after 4-5 days 
and migrated towards the edge of the filter paper on attaining the infect-
ive stage. The motile larvae were harvested by trimming the edges 
of filter papers and the Baermannisation of the larval suspension. The 
larvae were washed repeatedly with normal saline containing antibiotic 
mixture and stored frozen at -20 C until used. 
CHEMICALS USED 
Bovine serum albumin, Goomassie blue, acrylamide, bisacrylamide, 
agarose and TEMED were procured from Sigma Chemical Company, St. 
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Louis, MO, USA. Ammonium per sulfate, beta-mercapto ethanol were the 
products of E. Merck, A.C. Darmstadt, West Germany. Freund's complete 
adjuvant was obtained from Difco, Detroit, MI, USA. All other chemicals 
used were of analytical grade and t r ip le glass dist i l led water was used 
for all the experiments. 
PREPARATION OF ANTIGENS 
Soluble antigenic extracts from adults of A.ceylanicum and 
N.brasiliensis were prepared essentially according to the method of Kaushal 
et a l . (1982). Briefly, lyophilised adults were ground to fine powder 
in a pestle and mortar and suspended in phosphate buffered saline (PBS, 
pH 7.2) . The suspension was sonicated four times for 2 min each using 
an ultrasonic cell disrupter (Heat Systems, Ultrasonics Inc. Ltd, NYW-
220 F) at 20 Kc/Sec and extracted on ice for about 4-5 h with continuous 
gentle s t i r r ing. The extracts were then centrifuged at 10,000xg for 30 
min and the supernatants thus obtained were used as a source of somatic 
antigens. These antigenic extracts were kept frozen at -20 C in small 
aliquotes until used. 
The antigens from larvae of A.ceylanicum and N.brasiliensis were 
prepared in a manner similar to that described for adul ts . 
IMMUNISATION OF RABBITS 
Polyvalent hyperimmune sera were raised in albino rabbi ts (weigh-
ing 1.0-1.5 kg)against somatic extracts prepared from adult/ larvae of 
A.ceylanicum and N. brasiliensis. Rabbits were immunised intramuscularly 
with an emulsion of antigens (1.0-1.5 mg) made in Freund's complete adju-
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vant over a pe r iod of 6 months . One month after t h e f i r s t injection 
t h r e e subsequent doses were given at one week in t e rva l and t h e r a b b i t s 
were b l e d , from the marginal ear ve in , one week after t h e l a s t in jec t ion . 
Blood was al lowed to clot by keeping at 37 C for 1 h r and then left 
overnight at 4 C. The serum was col lec ted by centrifuging at 800xg 
(10 min) and s to red at -20 C in small a l i q u o t s . Injections and bleeding 
of the r a b b i t s was done a l t e rna te ly at weekly i n t e r v a l s t i l l t h e h y p e r -
immune serum was ob ta ined . 
PREPARATION OF GAMMA-GLOBULIN FRACTION 
Gamma globulin fraction was p r e p a r e d from immune r a b b i t serum 
by ammonium sulfate p rec ip i t a t ion (40%) with continuous gentle s t i r r i n g 
at room tempera ture for 30 min and then overn ight at 4 C. The p r e c i p i -
ta te obta ined was recovered by centrifugation at 10,000xg for 30 min 
and d i s s o l v e d in minimum amount of isotonic s a l i n e . The ammonium sulfate 
was removed by d ia lys ing against t h r e e changes of isotonic s a l i n e . The 
gamma-globulin fraction was centrifuged at 2000xg for 15 min and s to red 
at -20 G in small a l i q u o t s . 
SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-PAGE) 
SDS-PAGE was performed according to the method of Laemmli 
(1970) using Bio- rad s lab gel e l e c t r o p h o r e s i s appa ra tu s (Bio-rad Labora -
t o r i e s , USA). A separa t ing gel containing 10-20% acry lamide gradient 
was made by mixing 10% and 20% acry lamide solutions with t h e he lp of 
a gradient m i x e r . The low (10%) and h igh (20%) concentrat ions ac ry lamide 
gel mixtures were p r e p a r e d sepa ra t e ly by adding 5 and 10 ml r e s p e c t i v e l y 
of ac ry lamide s tock solut ions (30% a c r y l a m i d e : 0.8% b i s ac ry lamide) to 
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the following solution in a to ta l volume of 15 ml :3 .75 ml of 1.5 M T r i s -
HCl (pH 8 . 8 ) , 0.15 ml of 10% SDS; 0.05 ml of 10% ammonium per sul fa te ; 
0.005 ml TEMED. The 20% gel mixture also contained 1.8 ml of 60% 
suc rose . The volume was made upto 15 ml with d i s t i l l e d w a t e r . The 
stacking gel (3%) contained 1.5 ml of ac ry lamide stock solution (30% a c r y l -
amide: 0.8% b i s a c r y l a m i d e ) , 1 ml of 0.5 M Tris-HCl (pH 6 . 8 ) , 0.1 ml 
of 10% SDS, 2 .5 ml of 60% suc rose , 0.05 ml of 10% ammonium p e r s u l f a t e , 
0.005 ml of TEMED and r e s t d i s t i l l e d water to make the volume to 10 
ml . The samples were p r e p a r e d by mixing the antigen e x t r a c t s (100-
150 /ug/20 ml) with SDS-sample buffer (containing 10 ml g l y c e r o l , 5 ml 
of be ta -mercap toe thano l , 23 ml of 10% SDS, 1 ml of 0.1% bromophenol 
b l u e , 8.32 ml of 0.5 M Tr i s HCl, pH 6 .8 , in a to ta l volume of 50 ml) 
in 1:1 ra t io and then keeping them in a boil ing water ba th for 3-5 min. 
E l ec t rophore s i s was ca r r i ed out at a constant current of 25 mA 
for about 4-5 h t i l l the t rack ing dye reached to the end of the g e l . 
After e l e c t r o p h o r e s i s the gel was s ta ined with 0.25% Coomassie blue (made 
in 50% methanol p lus 10% acet ic ac id) and des ta ined with 30% methanol 
plus 7% acet ic a c i d . 
IMMUNOELECTROPHORESIS (lEP) 
This was performed according to t h e method of Graber and Williams 
(1953) . The somatic e x t r a c t s were sepa ra t ed e l e c t r o p h o r e t i c a l l y in 1.5 
mm t h i c k l aye r of 1% (w /v ) agarose made in b a r b i t a l buffer (20.0 mM 
d i e t h y l b a r b i t u r i c a c i d , 80.0 mM T r i s , 2.0 mM, sodium a z i d e , 0.8 mM 
calcium l a c t a t e , pH 8.6) for 1 h r at 100 v o l t s . After e l e c t r o p h o r e s i s 
the p la tes were kep t overnight in a moist chamber and the sepa ra ted 
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antigens were allowed to react with immune rabbit sera . Then the plates 
were washed with normal saline for 30 min and pressed under several 
sheets of filter paper for 10 min. This procedure of alternate washing 
and pressing was repeated thrice and the plates were washed with d i s -
ti l led water before the final pressing. After air drying the plates were 
stained with 0.25% (w/v) Coomassie blue made in 45% ethanol plus 10% 
acetic acid and destained with the same. 
CROSSED IMMUNOELECTROPHORESIS (CIE) 
CIE was performed according to the method of Axelsen et_ al^. 
(1973). The antigens were first separated electrophoretically in the 
first dimension in agarose (1% w/v, 1.5 mm thick) at 10 V/cm. A longi-
tudinal s t r ip of dimensions 1x7 cm containing the separated antigens was 
cut and transferred to the second plate (7x9 cm). Anodic and cathodic 
gels of dimensions 5x7x0.12 cm and 2x7x0.12 cm respectively were poured 
on the second pla te . The separated antigens were then allowed to move 
electrophoretically in second dimension in the agarose containing immune 
rabbit serum (5-20%) for 18-20 hrs at right angle to the first dimension 
using 2-3 V/cm. An intermediate gel s t r ip of 1x7x0.13 cm, without ant i-
body was also poured in between the first and the second dimension 
gels. After electrophoresis the plates were washed, dried and stained 
in the usual way as described for lEP. 
PROTEIN ESTIMATIONS 
Protein contents of the somatic extracts from adults and infective 
larvae were estimated according to the colorimetric method of Lowry 
et a l . (1951). 
CHAPTER - III 
RESULTS AND DISCUSSION 
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Charac te r i sa t ion of p a r a s i t e antigens i s of p a r t i c u l a r significance 
for understanding the h o s t - p a r a s i t e r e l a t i o n s h i p and also to ident i fy the 
immunologically important components of the p a r a s i t e s . Due to the diff-
erences in the hab i t a t and nut r i t iona l r equ i r emen t s , the prote in and a n t i -
genic composit ions of different p a r a s i t e s as well as of different d e v e l o p -
mental s tages of a p a r a s i t e may be d i f fe ren t . There fore , a bas i c know-
ledge about t h e to t a l pro te in and antigenic naake-up of di f ferent s tages 
of a p a r a s i t e i s a necessary p r e - r e q u i s i t e and may p rov ide useful l eads 
about the antigens having ro le in p ro t ec t i ve immunity and immunodiagnosis. 
Accordingly in the present s t u d y , de ta i l ed inves t iga t ions were made to 
analyse the prote in and antigenic mosaic of adul t and infect ive l a r v a l 
s tages of A.ceylanicum (human hookworm maintained in golden hams te r s ) 
and N. brasi l ien s i s ( r a t hookworm) employing cer ta in biochemical and 
immunochemical t e c h n i q u e s . 
Studies were also conducted to analyse the common or c r o s s -
r eac t ive antigens between the adul t and l a r v a l s tages of A.ceylanicum 
and also between the two hookworm p a r a s i t e s (A.ceylanicum and 
N.bras i l iens is ) in view of the c r o s s - r e a c t i v i t y t ha t ex i s t s among different 
stages of a p a r a s i t e as well as among different p a r a s i t e s . 
I. PROTEIN AND ANTIGENIC ANALYSIS OF ADULT AND LARVAL STAGES 
OF A.CEYLANICUM 
SDS polyacrylamide gel e lectrophoresis (SDS-PAGE): 
Protein pa t t e rn s of somatic e x t r a c t s from adul t (AcA) and infec t -
ive l a r v a l (AcL) stages of A.ceylanicum as r e so lved by SDS-PAGE are 
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shown in Fig. 1. The molecular weights of various proteins present 
in these extracts were determined by running in parallel the standard 
proteins of known molecular weights. The protein bands were numbered 
according to their electrophoretic mobilities and the bands having identical 
electrophoretic mobilities in both the stages were given the same number 
(Table 1). 44-47 protein bands in AcA and 32-43 protein bands in AcL 
were observed in the molecular weight range of 10-170 kD. Most of the 
protein bands appeared to be common between these two stages, however, 
8 protein bands specific to adults and 4 specific to larvae were observed. 
Immunoelectrophoresis (lEP): 
Antigenic characterisation of the somatic extracts was done in i t i -
ally by Immunoelectrophoresis. The antigenic extracts from adult and 
larval stages were separated electrophoretically and then allowed to react 
with hyperimmune rabbit sera . 9-11 precipitin lines were observed in 
AcA with rabbit anti-AcA serum while antigenic preparation from infective 
larvae showed the presence of only 6-7 precipitin lines when reacted 
with rabbit anti-larval serum. the immunoelectrophoretic pattern is shown 
in Fig. 2. Normal rabbit serum, which was used as control did not 
show any precipitin bands (data not shown). 
Crossed Immunoelectrophoresis (CIE): 
Antigenic components of adult and larval stages of A. ceylanicum 
were further separated more clearly using two dimensional Immunoelectro-
phoresis i . e . crossed Immunoelectrophoresis (CIE). Out of different 
serum concentrations (gamma —globulin fraction) t r i ed , better resolution 
of antigenic peaks was achieved using 20% and 10% concentration of gamma-
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Fig . 1: SDS-PAGE pa t t e rn of somatic e x t r a c t s from adul t (A) and infec 
ive l a r v a e (B) of A.ceylanicum. Top = Star t ing poin t ; B(J)B = d] 
f ron t . 
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Table 1: Comparat ive ana lys i s of p ro te ins of adul t and infect ive l a rvae 
of A.ceylanicum. 
Protein band 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
Apparent molecular mass 
(kD) 
170.0 
160.0 
153.0 
145.0 
140.0 
130.0 
125.0 
120.0 
100.0 
94.0 
88.0 
85.0 
80.0 
73.0 
66.0 
64.0 
60.0 
55.0 
47.0 
45.0 
43.0 
42.0 
40.0 
39.0 
38.0 
37.0 
36.0 
35.0 
Adult Larvae 
— 
-
-
++ 
+++ 
++ 
+ 
+ 
++ 
++ 
+++ 
-
+ 
+++ 
++ 
+++ 
+ 
+++ 
++ 
+++ 
++ 
++ 
+ 
+ 
++ 
++ 
++ 
+ 
+ 
++ 
± 
+ 
++++ 
-
-
+ 
± 
+ 
+++ 
+ 
+ 
++ 
++ 
++ 
++ 
+ 
+ 
+ 
+ 
-
++++ 
+++ 
+++ 
± 
+ 
+ 
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(Table 1: contd...) 
29 34.0 
30 33.0 
31 32.0 
32 31.0 
33 30.0 
34 29.0 
35 27.0 
36 26.0 
37 25.0 
38 22.0 
39 20.0 
40 19.0 
41 18.0 
42 17.5 
43 17.0 
44 16.5 
45 16.0 
46 15.0 
47 14.0 
48 13.0 
49 12.0 
50 11.0 
51 10.0 
+ 
+ 
++ 
++ 
+-
+ 
++ 
++ 
++ 
+ 
+ 
++ 
+ 
+++ 
+ 
T T T 
+++ 
+ 
++ 
++ + 
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+ 
+ 
+ 
-
+ 
+ 
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_ 
++++ = v e r y in tense , +++ = in tense , ++ = modera te , + = weak, ± = faint 
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Qe 
Fig. 2: Immunoelectrophoretic patterns of somatic extracts from adult 
and infective larval stages of A.ceylanicum. A = adult somatic 
extract; B = larval somatic ext rac t . 1 = Rabbit anti-adult 
serum; 2 = Rabbit anti- larval serum. 
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globulin fraction for AcA and AcL r e s p e c t i v e l y . When somatic antigenic 
p repara t ion from adul t worms (AcA) was al lowed to reac t with i t s homo-
logous serum (20% gamma - globulin fraction of r a b b i t an t i - adu l t s e rum) , 
:^ 2 antigenic peaks could be o b s e r v e d , 25 moving towards the anode 
and 7 towards the ca thode . F ig . 3a shows the prote in s ta ined CIE pattern 
of AcA while i t s diagrammatic represen ta t ion i s shown in F ig . 3 b . Each 
peak- r e p r e s e n t s a single antigen and the faint antigens a re shown by-
broken l i n e s . Almost s imi la r antigenic pa t te rn was obse rved using 15% 
and 201 gamma-globulin f rac t ion, however , with a lower ant ibody concent-
rat ion of 10%, 3-4 antigenic peaks (numbering 3 , 9, 10 and 21) d i s appea red 
completely and the in tens i ty of some o ther antigenic peaks dec l ined . 
When l a r v a l antigenic p repa ra t ion (AcL) was run with r a b b i t 
anti-AcL serum (10% gamma-globulin fraction) 19 antigenic peaks could 
be o b s e r v e d . Protein s ta ined CIE pa t te rn of somatic e x t r a c t s from 
A.ceylanicum l a rvae i s shown in F ig . 4a whi le F ig . 4b shows i t s d i a -
grammatic r e p r e s e n t a t i o n . Out of 19 antigenic peaks 17 were anodic and 
2 were ca thod ic . One of the two cathodic antigens was slow migrating 
and p r e c i p i t a t e d in the f i r s t dimension gel on ly . Using a lower con-
centrat ion of gamma-globulin fraction (5%), some of the faint peaks number-
ing 1, 3 and 11 d i s a p p e a r e d completely and a decrease in the in tens i ty 
of some of the antigenic peaks was also o b s e r v e d . 
Table 2 summarises the r e s u l t s obtained by lEP and CIE ana lys i s 
of AcA and AcL using the homologous s e r a . 
a 
30 
21 A'O'. / 'TN 
Fig. 3 : Crossed immunoelectrophoretic pattern of somatic extract from 
adult of A.ceylanicum using^ rabbit anti-adult serum. a) Protein 
stained pattern; b ) Diagrammatic representation. Solid lines 
represent strong protein peaks and broken lines represent faint 
peaks . Arrows indicate the point of application of antigen. 
Anode ( + ) i s to the right in f irst dimension and to the top 
in second dimension. 
a 
31 
L 
LO o 
Fig. 4: Crossed immunoelectrophoretic pattern of somatic extracts from 
infective larvae of A.ceylanicum using rabbi t ant i- larval serum. 
a) Protein stained pattern; b) Diagrammatic representation. 
Solid lines represent strong precipit in peaks and broken lines 
represent faint peaks . Arrows indicate the point of application 
of antigen. Anode ( + ) i s to the right in f irs t dimension and 
to the top in second dimension. 
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Table 3 : Protein ana lys i s of adul t and l a r v a l s tages of N .bras i le i sns i s 
by SDS-PAGE. 
Pre »tein 
numb( 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
band 
2r 
Apparent molecular 
mass (kD) 
120.0 
110.0 
100.0 
98.0 
96.0 
93.0 
85.0 
80.0 
78.0 
75.0 
68.0 
60.0 
58.0 
50.0 
43.0 
42.0 
40.0 
39.0 
37.0 
35.0 
34.0 
33.00 
Adult L , 
+ 
+ + + 
± ± 
+ + 
+ 
++ ± 
++ 
++ + 
+ 
+ +++ 
+ 
± + 
+++ ++ 
++ ± 
++ 
++ ++ 
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(Table 3: c o n t d . . ) 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
32.0 
30.0 
29.0 
28.0 
27.5 
24.0 
22.0 
20.0 
19.0 
17.0 
16.0 
15.0 
14.0 
13.0 
12.0 
11.0 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
+++ 
++ 
+++ 
++++ 
+++ 
+ 
+ 
++ 
++ 
++ 
++++ = ve ry in tense , +++ = in t ense , ++ - modera te , + = weak, ± = faint 
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Fig. 6: Immunoelectrophoretic patterns of somatic extracts from adult 
and infective larval stages of N.brasi l iensis . A = adult somatic 
extract; B = larval somatic extract . 1 = Rabbit anti-adult serum; 
2 = Rabbit ant i- larval serum. 
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prote in s ta ined CIE pa t t e rn of NbA using r a b b i t anti-NbA serum (gamma-
globulin fract ion) whi le diagrammatic represen ta t ion of the same i s shown 
in F i g . 7 b . 23 antigenic components were r e v e a l e d , out of which 6 were 
ca thodic and r e s t were anodic . 10%, 15% and 20% serum concentrat ions 
were t r i e d in CIE and a 15% concentration (gamma-globulin fract ion) was 
found optimum to r e so lve the antigenic components of NbA. Some of the 
c losely p laced peaks could be r e so lved c l ea r ly using 10% serum concent ra-
t ion , however , i t r e su l t ed in the d i sappea rance of some of the faint 
p e a k s . Using h ighe r serum concentration (20%) some of the faint peaks 
could be seen c l ea r ly but i t a lso r e su l t ed in poor resolut ion of c lose ly 
placed p e a k s . 
CIE ana lys i s of NbL with r a b b i t anti-AcL serum (gamma-globulin 
fract ion) r evea led 14 an t igens , 12 moving towards the anode and 2 towards 
the ca thode . Protein s ta ined CIE pa t t e rn of NbL and i t s diagrammatic 
r epresen ta t ion a re shown in F ig . 8a and F ig . 8b r e s p e c t i v e l y . Out of 
the different serum concentrat ions t r i e d , 5% serum concentration (gamma-
globulin fract ion) gave a b e t t e r resolut ion of the antigenic p e a k s . 
Resul ts of antigenic ana lys i s of NbA and NbL by lEP and CIE 
are summarised in Table 4 . 
III. CROSS REACTIVE AND STAGE/PARASITE SPECIFIC ANTIGENS OF 
A.CEYLANICUM 
In o r d e r to analyse the cross- reac t ive /common antigens between 
the adul t (AcA) and the l a r v a l (AcL) stages of A. ceylanicum , CIE of 
AcA and AcL was done using heterologous immune r a b b i t s e r a . When 
39 
^ b 
/; 2 
^ -
Fig. 7: Crossed immunoelectrophoretic pattern of somatic extract from 
adult of N.brasiliensis using rabbit anti-adult serum, a) Protein 
stained pattern; b) Diagrammatic representation. Solid lines 
represent strong precipitin peaks and broken lines represent 
faint peaks . Arrows indicate the point of application of antigen. 
Anode ( + ) is to the right in first dimension and to the top 
in second dimension. 
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Fig. 8: Crossed immunoelectrophoretic pattern of somatic extract from 
infective larval stage of N .brasiliensis using rabbit ant i - larval 
serum. a) Protein stained pattern; b ) Diagrammatic representa t -
ion. Solid lines represent strong precipit in peaks and broken 
lines represent faint peaks . Arrows indicate the point of app l i -
cation of antigen. Anode ( + ) is to the right in f irst dimension 
and to the top in second dimension. 
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AcA was allowed to react with rabbit anti-AcL serum in CIE, 14-16 ant i -
gens were found to be cross-reactive with the larval stage, of which 
9-10 moved towards the anode and rest towards the cathode (Fig.9a) . 
CIE analysis of A.ceylancium larval antigens (AcL) using rabbit anti-AcA 
serum showed the presence of 13 cross-reactive antigens (Fig. 9b) . 
These studies also revealed the presence of some stage specific ant i-
genic components. 15-16 and 5-6 antigens appeared to be specific to 
adult and larval stages respectively (Table 5) . 
A.ceylanicum antigens having cross-reactivi ty with the rat hook-
worm parasite N.brasiliensis were also analysed using heterologous immune 
rabbit sera (raised against N.brasiliensis) CIE analysis of AcA with rabbit 
anti-NbA serum revealed the presence of 10-12 cross-reactive antigens 
between the adult stages of the two paras i tes , out of which 2 antigens 
were cathodic (Fig. 10a). Cross-reactive antigens between the larval 
stages of these parasi tes were also analysed when AcL was allowed to 
react with rabbit anti-NbL serum in CIE. 12-13 antigens were found 
to be cross-reactive between AcL and NbL (Fig. 10b). On comparing 
these results with those obtained with homologous sera at least 20-22 
antigens specific to adults and 5-6 antigens specific to larvae of A.ceylanicum 
were observed (Table 5) . 
DISCUSSION 
Ancylostoma ceylanicum (a human hookworm parasite maintained 
in golden hamsters) and Nipf>ostrongylus brasiliensis (a rat hookworm 
parasite) have routinely been used for chemotherapeutic and immunological 
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. - • • !"9K S^-' . 
,G 
Fig. 9: Crossed immunoelectrophoretic pattern of A.ceylanicum. a) 
adult antigen using rabbi t ant i- larval serum and b) infective 
larval antigen using rabbi t anti-adult serum. Arrows indicate 
the point of application of antigen. Anode ( + ) i s to the right 
in first dimension and to the top in second dimension. 
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/ ^ 
Fig. 10: Crossed immunoelectrophoretic pattern of A.ceylanicum. a) adult 
antigen using rabbit ant i-N.brasi l iensis adult serum and b) 
infective larval antigen using rabbi t anti-N .brasillensis larval 
serum. Arrows indicate the point of application of antigen. 
Anode ( + ) is to the right in f irst dimension and to the top 
in second dimension. 
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studies by several workers (Misra et_ aj_., 1981; Katiyar et_ al^., 1982,1984; 
Kamath e^ a^., 1985; Carroll and Grove, 1985; Gupta and Katiyar, 1985). 
However, very l i t t le information is available about the protein and ant i-
genic composition of these parasites and also about the antigenic molecules 
involved in inducing protective immune responses or having possible diag-
nostic significance. In the present study an effort has been made for 
analysing quali tat ively, the protein and antigenic make up of adult and 
infective larval stages of these two hookworm parasi tes (A.ceylanicum 
and N .brasiliensis) . Since both male and female worms have been shown 
to be equally effective in conferring protective immunity (Gupta and Katiyar, 
1985), in the present study, we have used an antigenic preparation made 
from both female and male worms. 
The protein compositions of adult and larval stages of both 
A.ceylanicum and N.brasiliensis were studied by SDS-PAGE which provides 
a high resolution of protein bands according to their molecular weight. 
This technique also enables a comparison of protein patterns of different 
developmental stages as well as of different parasites on the same gel . 
SDS-PAGE has earl ier been used for studying the protein pattern of many 
nematode parasites (Zayates, 1978; Neilson, 1978; Wange et_ al^., 1980; 
Efremove and Ermolin, 1981; Prusse et_ al^., 1982a; Lucius et_ al^., 1983; 
Malhotra et_ al_., 1986). In the present study, SDS-PAGE helped in the 
separation of 44-47 and 25-31 protein bands in adults of A.ceylanicum 
and N.brasiliensis while the larval stages of these parasites showed 
the presence of 32-43 and 25-28 protein bands respect ively. The life 
stages of many other nematode parasites have also been shown to have 
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approx imate ly the s imi l a r number of prote in bands (Kaushal et_ al_., 1982; 
Lobos and Weiss, 1985; Malhotra et_ ^ - » 1986). However, e a r l i e r s tud ies 
of Yoshida et_ al_. (1977) have shown the presence of only 13-15 prote in 
bands in A . b r a s i l i e n s i s and A.ceylanicum adu l t s by d i sc gel e l ec t rophore t i c 
a n a l y s i s . The presen t s tudy r evea led l e s s complex nature of A.ceylanicum 
l a rvae as i t e x h i b i t e d only 13 major protein bands as compared to 28 
obse rved in the adul t s t age . However, not much difference in t h e number 
of major protein bands was obse rved in adul t and l a r v a l s tages of 
N.bras i l i ens i s . SDS-PAGE ana lys i s r evea led some in te res t ing qua l i t a t i ve 
and quant i t a t ive differences between t h e two s t a g e s . Protein bands number-
ing Ac-6, 7, 22, 33 , 39, 43 and 51 (molecular weights 130, 125, 42, 30, 
20, 17, 10 kD) and Nb-3 , 4 , 10, 12, 25 , 27, 29, 33 , 36 and 38 (molecular 
weights 100, 98, 75 , 60, 29, 2 7 . 5 , 22, 16, 13 and 11 kD) were found 
speci f ic to adu l t s whi le pro te in bands numbering Ac-1, 2 , 3 and 12(mole-
cular weights 170, 160, 153 and 85 kD) and N b - 1 , 2 , 8, 14, 19, 31 and 
34 (molecular weights 120, 110, 80, 50, 37, 19 and 15 kD) appea red to 
be speci f ic to the l a r v a l s tages of A.ceylanicum and N .bras i l i ens i s r e s -
pec t ive ly as they were only present in adu l t s and l a rvae of t he se two 
p a r a s i t e s . A comparison of the molecular weights of stage speci f ic p ro te ins 
ind ica ted tha t most of the adul t spec i f ic p ro te ins (except pro te in bands 
Ac-6,7) were below 50 kD whi le out of 4 l a rvae spec i f ic p r o t e i n s , 3 
were above 150 kD in case of A.ceylanicum. In case of N .bras i l i ens i s , 
most of the adul t spec i f ic p ro te ins (except protein bands numbering Nb-
3,4 and 10) were below 70 kD and out of 7 l a rvae speci f ic b a n d s , 4 
were in the molecular weight range of 50-120 kD. Car r and P r i t c h a r d 
(1987) have also shown N.americanus adul t speci f ic prote in having low 
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molecular weight (19 kD) . A 74 kD protein specific to larvae of 
N.americanus was also observed by the same workers. 
Immunoelectrophoretic techniques have generally been used to 
study the antigenic compositions of several parasites and have also proved 
to be useful in the identification of common or cross-reactive as well 
as stage and parasite specific antigenic components (Williams, 1970; Neilson, 
1978; Kaushal et_ al_., 1982; Lobos and Weiss, 1985; Cavalan et_ al^., 1985; 
Malhotra et_ a l . , 1986). In the present study the techniques of immuno-
electrophoresis and crossed immunoelectrophoresis have been employed 
to analyse the antigenic patterns of adult and infective stages of 
A.ceylancium and N.brasiliensis. The antigenic analysis by lEP revealed 
less complexity of the larval stage of both the parasites as the somatic 
extracts from adult stage of these parasites showed more precipitin l ines . 
On the contrary, Williams (1970) has shown more complexity of infective 
larval stage of A.caninum as compared to the adults using the same tech-
nique of immunoelectrophoresis. 
Antigenic characterisation by CIE also revealed lower number 
of antigens in the infective larval stage as compared to adults of 
A.ceylanicum and N.brasiliensis. Various concentrations of gamma-globulin 
fraction from immune rabbit sera were t r ied in order to get a sharp 
and balanced pattern of antigenic peaks. 20% and 15% concentrations of 
gamma-globulin fractions were found to be optimum for resolving the ant i -
genic patterns of adults of A.ceylanicum and N.brasiliensis respect ively, 
while better separation of larval antigens was obtained using lower con-
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centrations of gamma-globulin fraction i . e . 10% for A.ceylanicum and 5% 
for N .brasiliensis . On lowering the serum concentrations further, the 
faint antigenic peaks could not be seen clearly while the higher concentra-
tions resulted in the poor resolution of some of the closely placed ant i -
genic peaks. The CIE technique showed the presence of 32 and 23 antigens 
in adults and 19 and 14 antigens in larvae of A.ceylanicum and N.brasiliensis 
respect ively. Employing the same technique of CIE, Cavalan et_ a l . 
(1985) have reported almost the same number of antigens (26) in 
N. brasiliensis adults as we have observed in the present study. Out 
of the two cathodic antigens of infective larvae of A.ceylanicum, one 
was slow migrating and precipitated in the first dimension gel only. 
This could be due to the presence of a low charge on the antigen. 
Most of the studies conducted so far have shown that the live 
parasit ic stages as well as the somatic extracts from adult and larval 
stages of hookworm parasites are capable of inducing protective immunity 
in experimental animals (Foster, 1935; Miller, 1971, 1979; Carroll and 
Grove, 1985; Gupta and Katiyar, 1985). Pri tchard e^ al^. (1984) during 
their work on mouse trichostrongyle Nematospiroides dubius, have shown 
that protective immunity to hookworm infection can also be induced by 
immunisation with specific antigens. In view of above findings an analysis 
of the common or cross-reactive as well as the specific antigens between 
different stages and between different parasites would be important for 
understanding the mechanisms involved in protective immune responses 
as well as for identifying the antigenic targets of protective immunity. 
In the present study, cross-reactive or common antigens existing between 
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the adult and the larval stages of A.ceylanicum were analysed by CIE. 
Most of the antigens were found to be common between these two stages, 
however, these studies also indicate the presence 15-16 antigens specific 
to adult and 5-6 specific to the larvae of A.ceylanicum. Common antigens 
betwen the adult and the larval stages of A.caninum have also been r e -
ported employing Immunoelectrophoresis (Williams, 1970). 
Although cross-immunity has been reported in many helminth 
parasites (Au and Ko , 1979; Ericksen, 1982; Lee et_ a l . , 1982), nothing 
is known about the cross-reactive antigens. Recently, cross-protection 
has also been observed between A.ceylanicum and N.brasil iensis by Gupta 
and Katiyar (1985). Therefore, in the present study, we have made 
an effort to analyse the common or cross-reactive antigens between the 
two paras i tes . Common or cross-reactive (as well as parasite specific) 
antigens between these two parasites were analysed by CIE using rabbit 
anti-N .brasi l iensis sera . Extensive cross-reactivi ty was found between 
these two paras i tes , however, certain parasite (A. ceylanicum) specific 
antigens have also been identified. At least 20-22 antigens and 5-6 ant i-
gens appeared to be specific to adult and larval stage of A.ceylanicum 
on comparing the CIE patterns obtained with homologous and heterologous 
immune rabbit sera. 
Therefore, in the present study, we have analysed the protein 
and antigenic components of adult and larval stages of A. ceylanicum / 
N .bras i l iens is . The present study demonstrates a complex protein and 
antigenic patterns of adult somatic extracts as compared to larval somatic 
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extracts of both the paras i tes . Studies using heterologous serum in CIE 
indicated the presence of cross-reactive antigens between the two stages 
(adult and infective larvae) of A.ceylanicum and also between the two 
parasites (A.ceylanicum and N.brasiliensis) . These studies also revealed 
some stage as well as parasite specific antigens of A.ceylanicum. However, 
specific antigens can further be identified using other techniques like 
crossed line Immunoelectrophoresis, immunoblotting and radioimmunoprecipi-
tation, which have earl ier been used for the identification of specific 
antigens in other parasites (Kaushal et_ a]_., 1982; Kaushal and Carter, 
1984; Hussain et a l . , 1985; Kaushal et a l . , 1987). 
CHAPTER - IV 
SUMMARY AND CONCLUSION 
52 
Ancylostomiasis, or hookworm disease is a major public health 
problem in tropical countries. The world incidence of hookworm infections 
are 800 million with death rate of 55 thousand per year. The currently 
available anthelmintics are not very effective. An alternate approach 
would be to develop immunoprophylactic measures against hookworm para-
s i tes . This clearly emphasises the need to intensify the control measures 
against hookworm infections. Hookworm parasites evoke functional 
protective immunity and several reports are available regarding the pro-
tective potential of live parasit ic stages as well as of somatic extracts 
from adult and larvae, however, very l i t t le is known about the antigens 
which are involved in protective immunity. A basic knowledge about 
the total antigenic composition of the parasites is essential not only for 
the identification of antigenic targets of protective immunity but also 
for the early diagnosis of the disease. We have, therefore, directed 
our studies towards the characterisation of antigens from adult and larval 
stages of l^ookworm pa ras i t e s . . 
Ancylostoma ceylanicum (human hookworm maintained in golden 
hamsters) and Nippostrongylus brasiliensis (a rat hookworm), used exten-
sively in our Institute for chemotherapeutic screening, have been chosen 
for the present study. SDS-polyacrylamide gel electrophoresis was emp-
loyed to analyse the proteins from adult and larval stages of these para-
sites while the antigenic patterns were studied by immunoelectrophoretic 
techniques using hyperimmune rabbit sera . 
Somatic extracts from adult (AcA) and larval stages (AcL) of 
A. ceylanicum were separated on SDS-polyacrylamide gel electrophoresis 
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(SDS-PAGE), which showed the presence of 44-47 protein bands in adults 
and 32-43 protein bands in larvae in the molecular weight range of 10-
170 kD. Immunoelectrophoretic (lEP) analysis of somatic extracts revealed 
12-14 precipitin lines in adults and 6-7 precipitin lines in AcL with 
their respective sera . Further characterisation of antigens was done 
employing crossed immunoelectrophoretic (CIE) technique which showed 
the presence of 32 antigenic components in adults (AcA) while only 19 
antigens could be observed in larval stage (AcL). 
The somatic antigens of N«brasiliensis were also analysed using 
the same techniques SDS-PAGE, lEP and CIE. The SDS-PAGE analysis 
of somatic extracts revealed 25-31 protein bands in adult (NbA) and 23-
28 protein bands in the larval extracts (NbL). All these protein bands 
were in the molecular weight range of 10-120 kD. Antigens were initially 
characterized by doing Immunoelectrophoresis which showed the presence 
of 6-8 precipitin lines in NbA and only 3-4 precipitin lines in NbL*Crossed 
Immunoelectrophoresis resolved these antigenic preparations further as 
20-23 antigens in adults and 12-14 antigens in larvae of N .brasiliensis 
were observed with their respective sera . 
In order to study the cross-reactive or common as well as stage/ 
parasite specific antigens of A.ceylanicum, CIE was performed using hetero-
logous sera, which indicated that most of the antigens were common between 
the two stages of A.ceylanicum and also between the two paras i tes . 
When A.ceylanicum adult / larval extracts were reacted with the heterologoas 
sera, several cross-reactive antigens were observed, however, 15-16 
antigens specific to adults and 5-6 specific to larvae were also noticed. 
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CIE of A.ceylanicum adult and larval antigen extracts using immune rabbit 
sera raised against adult and larval stages of N.brasiliensis also revealed 
several cross-reactive or common antigens between these parasi tes though 
certain A.ceylanicum specific antigens were also observed. 
In conclusion, we have been able to identify and characterize 
the protein and antigenic components of adult and larval stages of 
A.ceylanicum and N. bras i l iens is . These studies revealed a much higher 
complexity of adult stage as compared to larvae both on the basis of 
protein and antigenic compositions. CIE analysis, using heterologous sera , 
showed the presence of common or cross-reactive antigens between the 
two life stages of A.ceylanicum as well as between these two parasites 
(A.ceylanicum and N.brasiliensis)» Certain stage/parasite specific ant i -
gens have also been identified. The basic information obtained on antigenic 
mosaic of different stages of two hookworm parasites may provide useful 
leads for identifying the antigenic targets having protective and diagnostic 
potentials. 
BIBLIOGRAPHY 
55 
Ali, M.M., Hegazi, M.M., Abdel-Magied, S .A. , E l imekdy , S.A. and El 
Ganayani, G.A. (1986) . J . Egypt . Soc. P a r a s i t o l . 16 (1 ) , 303. 
Areekul , S. and Panonsinth , S. (1984) . J . Med. Ass . Tha i . 67 (8 ) , 461 . 
Arora, R .R . , Biswas , H. and Mathur, K.K. (1976) . J . Commun. Dis . 8 ,66 . 
Au, A.C.S . and Ko, R.G. (1979) . Z. P a r a s i t e n k d e , 59, 161. 
Axelsen, N .H . , Krol l , J . and Weeke, B. (1973) . Scand. J . Immunol. 2 
( S u p p l . l ) . 
Bal l , P . A . J , and B a r t l e t t , A. (1969) . T rans . Roy. Soc. T r o p . Med. 
Hyg. 63, 362. 
Bar th , E . E . E . , J a r e t t , W.F.H. and Urquhar t , G.M. (1966) . Immunol. 10, 
459. 
Behnke, J . M . , Pau l , V. and Ra jaseka r i ah , G.R. (1986) . T rans . Roy. Soc. 
T r o p . Med. Hyg. 80, 146. 
Bohn, A. and Koenig, W. (1985) . Z. Paras i tkunde 7 1 , 663. 
Bout, D. , Conlien, Y. , Dessaint , J . P . and Capron, A. (1977) . INSERM 
Symposium, 72, 71. 
Brown, P . J . , Poulain, J . and P e r y , P . (1981) . Vet. Immunol. Immuno-
p a t h o l . 2, 343. 
Brown, P . J . , Poulain, J . and P e r y , P . (1981) . Vet. Immunol. Immuno-
p a t h o l . 2, 475. 
Burt , J . S . and Ogi lv ie , B.M. (1975). E x p . P a r a s i t o l . 38, 75 . 
Gar r , A. and P r i t c h a r d , D . I . (1986). Mol. Biochem. P a r a s i t o l . 19, 251. 
Ca r r , A. and P r i t c h a r d , D . I . (1987). P a r a s i t . Immunol. 9, 219. 
Gar ro l l , S.M. and Grove, D. I . (1984) . J . Inf. Dis . 150, 284. 
Gar ro l l , S.M. and Grove, D . I . (1985) . E x p . P a r a s i t o l . 60, 263. 
Gar ro l l , S.M. and Grove, D . I . (1986) . T rans . Roy. Soc. T r o p . Med. 
Hyg. 80 (3 ) , 406. 
Gavalan, S . , Rhalem, A. , Luffau, G. and P e r y , P . (1985) . Ann. Rech. 
Vet. 16 (4 ) , 305. 
Ghowdhury, A.B. (1975a) . Yonsci. Rep . T r o p . Med. 6, 46. 
Ghowdhury, A.B. (1975b) . Yonsci. Rep . T r o p . Med. 6, 69. 
56 
Clegg, J .A . and Smith, N.A. (1978) . Adv. P a r a s i t o l . 16, 165. 
deAzevedo, J . F . , Vie i ra , R.A. and Rombert , P . C . (1971) . Anais da 
Escola Nacional de Saude Publica e de Medicina Tropical 5, 115. 
deHur tado, I . and L a y r i s s e , M. (1968). Am. J . T r o p . Med. Hyg. 17, 
72. 
Desowitz, R .S . (1962) . Ann. T r o p . Med. P a r a s i t . 51 , 161. 
Desowitz, R .S . (1967) . Seminar on Helminthiasis and Eos inophi l l ic Meningit is , 
Noumea, New Caledonia , Abst rac ted in Helminthiological Abs t rac t s 
38, 2959. 
E d w a r d s , A . J . , Bur t , J . S . and Ogi lv ie , B.M. (1971) . P a r a s i t o l . 62, 367. 
Efremove, E . E . and Ermolin, G.A. (1980). P r o c . 5th In t . Cong. T r i c h . 
1st to 5th Sep t . 47. 
E r ik sen , L. (1982) . Nord. Vet. Med. 34, 188. 
Fos t e r , A.O. (1935) . Am. J . Hyg. 22, 65 . 
Gaitonde, B .B . and Renanpurkar , D.M. (1979) . J . Ass . P h y s n s . India 
27, 129. 
Govila, P . , Kat iyar , J . C . and Sen, A.B. (1973) . Indian J . E x p . Biol . 
11, 529. 
Graber , P . et and Will iams, C.A. (1953) . Biochem. B iophys . Acta 10,193. 
Gupta, S. and Kat iya r , J . C . (1985) . Helmintholgia 22, 181. 
Her r i ck , C.A. (1928) . Am. J . Hyg. 8a, 125. 
Hopkins, C .A. , Subramanianm, G. and S ta l land , H. (1972) . P a r a s i t o l . 
64, 401. 
Hopkins, C.A. and Zajac, A. (1976) . P a r a s i t o l . 73 , 73 . 
Hotez, P . J . and Cerami, A. (1983) . J . E x p . Med. 157, 1594. 
Hotez, P . S . , Le Trang, N, McKerrow, J . H . and Cerami , A. (1985) . J . 
Biol . Chem. 260(12) , 7343. 
Hotez, P . J . , Newport , G. , Le Trang, N . , Agabian, N. and Cerami , A. 
(1986) . J . Cell Biochem. lOA, 132. 
Hruzik , J . , Lukacor icova, Z . , Urbancokova, E . and Sobota, K. (1977) . 
B r a t i s t . Lek Lis ty 68, 27. 
Hussain, R . , Kaushal , N.A. and Ottesen, E .A. (1985) . J . Immunol. Meth. 
84, 291. 
57 
I s h i z a k i , T . , Kutsumi, H. , Kumada, M., Komiya, Y. , Arak i , H . , Takayama, 
H. , Okada, K. and Nozaki, S. (1961) . J a p . J . P a r a s i t o l . 10, 211. 
J a r r e t t , E . E . E . and Urquhar t , G.M. (1971) . Int . Rev. T r o p . Med. 4 , 
53. 
J a r r e t t , E . E . E . and Bazin, H. (1977) . Cl in . E x p . Immunol. 30 (2 ) , 330. 
J a r r e t t , E . E . E . and Mackenzie, S. (1980) . Nature 283, 302. 
Jayewerdene , G. and Vijayaratnam, Y. (1968) . Ceylon. J . Med. Sc i . 17,17. 
Jones , V . E . , E d w a r d s , A . J . and Ogi lv ie , B.M. (1970) . Immunol. 18, 621. 
Jones , V.E. and Ogi lv ie , B.M. (1972) . Immunol. 22, 119. 
Kamath, V.R. , Bhopale , M.K. and Bhide , M.B. (1985) . Helniinthologia, 
22, 203. 
Ka t iya r , J . C . , Govila, P . and Sen, A.B. (1972) . Indian J . E x p . Biol . 
10, 201. 
Ka t iya r , J . C . , Visen, P . K . S . , Gupta, S . , Sen, A . B . , Dubey, S.K. and 
Sharma, S. (1982) . E x p e r i e n t i a , 38, 457. 
Kat iyar , J . C . , Visen, P . K . S . , Misra, A. , Gupta, S. and Bhadur i , A . P . 
(1984). Acta Trop ica , 4 1 , 279. 
Kaushal , D.C. and C a r t e r , R. (1984) . Mol. Biochem. P a r a s i t o l . 13, 235. 
Kaushal , N .A. , Hussain, R . , Nash, T .E . and Ottesen, E.A. (1982) . J . 
Immunol. 129(1) , 338. 
Kaushal , N .A. , Kaushal , D.C. and Ghatak, S. (1987) . Immunol. Inves t ig . 
1 6 ( 2 ) , 139. 
Kazura, J .W. and Grove, D J . (1978) . Nature, 274, 588. 
Keeling, J . E . D . (1960) . Ann. T r o p . Med. P a r a s i t o l . 54, 182. 
Laemml, U.K. (1970) . Nature, 227, 680. 
Lee, D.L. (1970) . Tissue Cell 2 , 225. 
Lee, T .D .G . , Gren ic i s , R.K. and Wakelin, D. (1982) . P a r a s i t o l . 84, 381. 
Leid , R.W. and Will iams, J . F . (1974) . Immunol. 27, 195. 
Lewis , E . A . , Salimonu, L . S . and Osunkoga, B.O. (1978) . Af. J . Med. 
Sc i . 17, 197. 
Lobel , A .O. , Kagan, I .G. and Kaiser , R . L . (1968) . Am. J . Ep idemio l . 
87, 58. 
58 
Lobos, E . and Weiss , N. (1985) . P a r a s i t . Immunol. 7, 333. 
Lowry, O.M., Rosebrough, N .Y . , F a r r , A.L. and Randal l , R . J . (1951) . 
J . Biol . Chem. 193, 265. 
Love, R . J . , Kel ly , J . D . and Dineen, J .K . (1974) . In t . J . P a r a s i t o l . 4 , 
183. 
Lucius, R . , Rau te rbe rg , E.W. and Diesfeld, H . J . (1983) . T r o p . Med. 
P a r a s i t o l . 34, 133. 
Luffau, G. (1969) . Ann. Vet. Res . 3 , 59. 
Mackenzie, C D . , P res ton , P .M. and Ogi lvie , B.M. (1978) . Nature, 276, 
826. 
Magaudda-Borzi , L. and Penn is i , L. (1958) . Rivis ta I ta l iana d ' Ig iene 
18, 3 . 
Maizels , R.M. and Ogi lv ie , B.M. (1980) . Abstract of Session - 8A. 4th 
Internat ional Congress of Immunology. 
Maizels , R .M. , P h i l l i p , M. and Ogi lv ie , B.M. (1982) . Immunol. Rev. 
61 , 109. 
Maizels , R.M. , Meghij i , M. and Ogi lv ie , B .M.(1982) . Immunol. 48,107. 
Malhotra , A. , Kaushal , N.A. and Ghatak, S. (1986) . Immunol. Inves t ig . 
15(6) , 505. 
McCoy, O.R. (1931) . Am. J . Hyg. 14, 268. 
Menon, S. and Bhopale , M.K. (1985) . J . Helminthol . 59(4) , 287. 
Mil ler , T.A. (1965) . J . P a r a s i t o l . 51 , 200. 
Mil ler , T.A. (1967) . Immunol. 12, 231. 
Mil ler , T.A. (1971) . Adv. P a r a s i t o l . % 153. 
Mil ler , T.A. (1979) . Adv. P a r a s i t o l . 17, 315. 
Misra, A. , Visen, P . K . S . and Ka t iya r , J . C . (1981) . J . Helminthol . 55, 
273. 
Murray, M., Robinson, P . B . , Gierson, C. and Crawford, R.A. (1979) . 
Acta Trop ica , 36, 297. 
Neilson, J . T . M . (1978) . E x p . P a r a s i t o l . 44, 225. 
Noda, M. (1953) . Osaka City Med. Centre 2, 203. 
58 
Ogilv ie , B.M. (1965) . P a r a s i t o l . 55, 325. 
Ogi lvie , B.M. (1967) . Immunol. 12, 113. 
Ogi lvie , B.M. and Jones , V.E. (1973) . Prog Al lerg , 17, 93 . 
Ogi lvie , B.M. and Love, R . J . 91974). T r a n s . Rev. 19, 147. 
Ogi lvie , B.M. and P h i l l i p , M. (1980) . Mol. Cells and Pa ra s i t e s in Immunol. 
(Academic P r e s s , NY), 163. 
Ogi lvie , B.M. and De Savigny, D. (1982) . In: Immunology of P a r a s i t i c 
Infection ( e d s . S. Cohen and K.S. Warren) , p . 715, Blackwell Sc i -
entific Pub l i ca t ions , Oxford. 
Ogi lvie , B .M. , B a r t l e t t , A . , Godfrey, R . C . , Turb in , J . A. , Worms, M.J. 
and Yeater , R.A. (1978) . T rans . Roy. Soc. T r o p . Med. Hyg, 72 ,66 . 
Ogi lvie , B.M. , Lee, G . B . , P h i l l i p , M. and Pa rkhouse , R.M.E. (1980) . 
In: Les collagues del'INSERM, Cancer Immunology and Pa ra s i t e Immun-
ology, Vol. 97 ( e d s . L. I s r a e l , P . Lagrange and J . C . Salmon), 
p . 4 4 3 , P a r i s , INSERM. 
Orr , T .S .C . and B la i r , A.M.J .N. (1969) . Life Sc i . S, 1073. 
Otto, G.F . and Kerr , K.B. (1939) . Am, J . Hyg. 29 (D) ,25 . 
Poulain, J . , Luffau, G. and P e r y , P . (1976a) . Ann. Immunol. 127C, 209. 
Poulain, J . , Luffau, G. and P e r y , P . (1976b) . Ann. Immunol. 127C, 215. 
P r a s a d , B.G. and Mathur, G.B. (1962) . Indian J . Med. Res . 50, 1. 
P r i t c h a r d , D . I . , Al i , N.M.H. and Behnke, J .M. (1984) . Immunol. 51 , 
633. 
P r i t c h a r d , D . I . , Behnke, J . M . , Gar r , A. and Wells (1986) . P a r a s i t . Immunol, 
8, 359. 
P r u s s e , A. , Dief e l d , H . j . and Vollmer, S. (1982) . J . Helminthol . 56, 
251. 
Ray, O.K., Bhopale , K.K. and S r i v a s t a v a , V.B. (1972) . J . Helminthol . 
46, 357. 
R ickard , M.D. and Adolph, A . J . (1976) . Vet. J . P a r a s i t o l . 1, 384. 
R icka rd , M.D. , White, J . B . and Boddington, E . B . (1976) . Aust. Vet. 
J . 52,209. 
Rombert, P . , Vie i ra , V. and de Azevedo, J . F . (1967). 0 Medico Lisbon, 
803, 3 . 
60 
Rothwel l , T .L.W. and Mer r i t t , G.C. (1975) . I n t e r . J . P a r a s i t o l . 5, 
453. 
Sanderson, B .E . and Ogi lv ie , B.M. (1971) . P a r a s i t o l . 62, 367. 
Sawada, T . , Sano, M. and Ueno, T. (1954a) . Gunma J . Med. Sc i . 3 , 21. 
Sawada, T . , Suzuki , I . , Oka, T. and Sano, M. (1954b) . Gunma J . Med. 
Sc i . 3 , 29 . 
Sawada, T . , Kono, M., Sato, S. and Oikawa, S. (1961) . J a p . J . P a r a s i t o l . 
10, 171. 
Scofield, J . (1985) . P a r a s i t o l . Today, 1, 2 . 
Seasee, P . M . , Wescott, R . B . and Gorham.J .R . (1976) . E x p . P a r a s i t o l . 
39, 214. 
Shih-Huei , G. , Chen-Huang, S . , Shao-Hsun, C. and Hsi-Cheng, C. (1959) . 
Chinese Med. J . 78, 267. 
Singh, M, (1965) . Med. J . Malaya 20, 167. 
S insk i , E. and Holmes, P .H . (1977) . E x p . P a r a s i t o l . 43 , 382. 
S insk i , E. and Holmes, P .H . (1978) . J . P a r a s i t o l . 64, 189. 
Smith, N.C. and Bryant , C. (1986) . I n t e r . J . P a r a s i t o l . 16(6) , 617. 
Taylor , M.M. and Turton, J . A . (1976) . Tropen Med. P a r a s i t o l . 27, 89. 
Thorson, R .E . (1956) . J . P a r a s i t o l . 42, 501. 
Urquhar t , G.M., Mulligan, W., Ead ie , R.M. and Jennings , F.W. (1965) . 
E x p . P a r a s i t o l . 17, 210. 
Wakelin, D. and Wilson, M.M. (1979) . E x p . P a r a s i t o l . 48, 305. 
Wange, F . , Yang, G. and Wang, X. (1989) . Cl in . Med. J . , 93 , 857. 
Wedrychowicz, H. , Maclean, J .M. and Holmes, P . H . (1983a) . P a r a s i t . 
Immunol. 5, 277. 
Wedrychowicz, H. , Maclean, J .M. and Holmes, P .H . (1983b) . Tropenmed. 
P a r a s i t o l . 34, 207. 
Wei, P .H . and Kuo, N.K. (±958). Chin . Med. J . 76, 556. 
Will iams, J . C . (1970) . E x p . P a r a s i t o l . 28, 226. 
Yamanaka, M. (1960) . Bul l . Osaka Med. Sch. 6, 25 . 
Yoshida, Y. , Kondo, K. , Okada, S . , Kurimoto, H. , Oda, K., Shimada, 
Y. , Shiota , J . , I k a i , T. and Kizak i , K . (1977) . J a p . J . P a r a s i t o l . 2 6 ( 3 ) ,168. 
Zayatas , R.G. (1978) . Bio l . Nauki 5 , 94. 
